In this paper we introduce the mapping Vx, y connected with the lower and upper semiinner products (., ")i and (., .),, and study its monotonicity, boundedness, convexity and other properties. Applications to theory of inequalities in analysis are given including refinements of the Schwarz inequality.
which are well defined for every pair x, y E X (see for example [1] ).
Supported by the Melbourne University Grant for Visiting Scholars 1996. 38 S.S. DRAGOMIR AND J.J. KOLIHA For the sake of completeness we list here some of the main properties of these mappings that will be used in the sequel (see [1, 2, 3] ), assuming that p, q E {s, i} and p For other properties of (., .)p see the recent papers [1, 2, 3] , where further references are given.
The terminology throughout the paper is standard. We mention that for functions we use the terms 'increasing' (and 'strictly increasing'), 'decreasing' (and 'strictly decreasing'), thus avoiding 'nondecreasing' and 'nonincreasing'.
MAPPINGS ASSOCIATED WITH THE LOWER AND UPPER SEMI-INNER PRODUCTS
Let (X, I1" I1) be a real normed linear space and x, y two fixed elements of X. We define the following mappings: nx, y" ---+ +, nx,y(t) --Ilx q-ty[I, Vx, The graph of nx, y for the case of an inner product is depicted in Figure 2 .
The mapping Vx, y has the following properties. 2 -n2x,y(t) -t-[Ixllnx,y(t))(2tnx, y(t) + nx,y(t)) t2(y,x)nx,y(t) + 2t3llyll2 2n2 nx, y(t) 2t x,y(t)nx,y(t) + t21lxllnx,y(t)nx,y(t)' 2t2(y,X)nx,y(t) 2t3]ly] 2nx,y(t) 2 + 2tn3x,y(t) 2tllxlln 2x,y(t) t3(y,x)nx,y(t) 4 Yll nx,y(t) 2 2 (t)-t2llxllnx,y(t)ntx,y(t) + n x, y(t)nx, y -t2(y,x)nx,y(t) t2n 2x,y(t)nx,y' (t) + 2tn 3x,y(t) 2t[lxlln 2x,(t) -t3(y,x)n'x,y(t)-t411yll2n'x,(t) in view of equation (2.7). In this case the graph passes through the origin; it is depicted in Figure 4 .
We for all x, y X.
If (X; (-, .)) is an inner product space, the mapping Vx, y is strictly convex in (-oc, 0) and strictly concave in (0, ec) provided that x, y are orthogonal and nonzero. The following proposition holds. (ii) If a < b < O, then the reverse inequalities hold.
